Purpose Quantification of surgical procedures undertaken by hospitals is necessary for informing resource allocation and modelling healthcare services. Our objective was to quantify the incidence, similarity, and diversity of nonphysiologically complex surgical procedures performed at pediatric specialist hospitals and other hospitals performing pediatric surgery. Methods We conducted a population-based cohort study of children aged 28 days to 18 yr who underwent surgery in the province of Ontario from 2007 to 2015 using healthcare administrative databases. We estimated the incidence of non-physiologically complex procedures (i.e., B 7 basic units in the 2015 Ontario Health Insurance Plan Schedule of Benefits) performed in pediatric specialist hospitals and other hospitals performing pediatric surgery. We used Yue and Clayton's index and the effective number of common procedures (1/Herfindahl index) to quantify the similarity and diversity of pediatric surgical procedures performed in these hospital types. Results Overall, 830,830 pediatric surgical procedures were performed in 158 Ontario hospitals during the eightyear study period. Most surgical procedures performed at hospitals performing pediatric surgery were nonphysiologically complex (vs 50%, P \ 0.001). The incidence of non-physiologically complex procedures increased progressively each year at pediatric specialist hospitals and was associated with a reciprocal decline among the other hospitals. Comparing pediatric specialist hospitals with the other hospitals, the mean similarity index for non-physiologically complex procedures was less than moderate (0.52; 95% confidence interval [CI], 0.51 to 0.54). The mean effective number of common nonphysiologically complex procedures (i.e., the diversity) among the pediatric specialist hospitals was greater than at the other 154 hospitals performing pediatric surgery (65.3 vs 21.8 procedures, respectively; mean difference, 43.5; 95% CI, 42.2 to 44.8; P \ 0.001). Conclusions Non-physiologically complex procedures have progressively migrated to pediatric specialist hospitals from other hospitals in Ontario. Specialty pediatric hospitals are principally dissimilar from other hospitals performing pediatric surgery based not on physiological complexity, but on their diversity. These findings suggest that some types of surgical procedures 
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Résumé
Objectif La quantification des interventions chirurgicales entreprises par les hô pitaux est nécessaire si l'on souhaite optimiser l'affectation des ressources et réaliser des modèles des services de soins de santé. Notre objectif était de quantifier l'incidence, les similitudes et la diversité des interventions chirurgicales non complexes, d ' When considered from a Canadian provincial perspective, determining the type and quantity of surgical procedures undertaken by various hospitals and healthcare networks is necessary for informing resource allocation and modelling healthcare services. Several pediatric advisory panels offer recommendations on the types of surgical procedure that should be undertaken only in specialist pediatric settings.
1,2
Accordingly, non-physiologically complex procedures (e.g., urethroplasty, myringoplasty) are performed at most hospitals that provide pediatric surgical services, but physiologically complex procedures (e.g., posterior spinal fusion) would be expected to be performed only at pediatric specialist hospitals. Discrimination between the physiological complexity of procedures performed has been used successfully to classify hospitals as specialist or non-specialist, 3 which has implications for the allocation of provincial resources. In particular, physiologically complex procedures in children often require unique processes, have a disproportionately large effect on operating room efficiency, [4] [5] [6] [7] and are associated with increased rates of perioperative complications. 8, 9 We hypothesized that 1) non-physiologically complex surgical procedures would account for most ([ 50%) pediatric surgical procedures performed at both pediatric specialist hospitals and other hospitals performing pediatric surgery; 2) non-physiologically complex surgical procedures would account for most ([ 50%) inpatient pediatric surgical discharges at both pediatric specialist hospitals and other hospitals performing pediatric surgery; 3) the relative distributions of non-physiologically complex surgical procedures, but not physiologically complex procedures, would be at least moderately (index [ 0.6) similar between pediatric specialist hospitals and the other hospitals performing pediatric surgery; and 4) the diversity of non-physiologically complex procedures would be greater among pediatric specialist hospitals. To test these four hypotheses, our specific objectives were to estimate 1) the incidence of non-physiologically complex pediatric surgical procedures (primary outcome), and 2) the similarity and diversity of non-physiologically and physiologically complex surgical procedures (secondary outcomes) between the pediatric specialist hospitals and other hospitals performing pediatric surgery in Ontario, Canada. This observational study is reported using the Reporting of Studies Conducted Using Observational Routinely Collected Data (RECORD) guideline. 12 
Methods

Study population
Eligible surgical procedures from all intervention code fields of the Discharge Abstract database or Same Day Surgery database within the study time window were documented. Eligible surgical procedures were identified using Canadian Classification of Health Interventions (CCI) therapeutic intervention codes. 13 All surgical procedures (index event) for individuals aged > 27 days and < 18 yr on the day of hospital discharge or same day surgery were eligible for inclusion. Procedures excluded were those performed on newborns (aged 0-27 days), records lacking a patient identifier or age, and non-surgical healthcare interventions (e.g., radiation therapy). Newborn interventions were excluded as many are undertaken outside of pediatric hospitals (i.e., in free-standing maternity hospitals), and some commonly performed procedures are undertaken without using operating room or anesthesia resources (e.g., newborn circumcision, tongue-tie release).
Covariates
Surgical procedures were characterized by the fiscal year of the index event, admission category (ambulatory, elective, newborn, urgent), and pediatric specialty hospital status (i.e., pediatric specialist acute care hospitals [ As relative value guides for billing have previously been validated as a criterion for discriminating the physiological complexity of surgical procedures, including in Ontario, 14, 15 the physiological complexity of surgical procedures in this cohort was classified using anesthesia basic unit values assigned to individual therapeutic intervention codes in the 2015 Ontario Health Insurance Plan [OHIP] Schedule of Benefits. 16 Billing units for surgical procedures range from 6 to 40 anesthesia basic units (e.g., 6 units: release of tongue tie; 7 units: removal of renal calculi; 8 units: partial gastrectomy; 9 units: segmental laryngectomy) in the OHIP schedule. Similar to the approach previously used to discriminate physiologically complexity of procedures in Ontario using the American Society of Anesthesiologists relative value guide base units, 15 in this cohort surgical procedures with B 7 basic units were classified as nonphysiologically complex (e.g., myringotomy [6 units Outcome measures Similarity measures estimate the overlap of procedures between hospitals or healthcare networks. 6 In contrast, measures of diversity provide estimates of the number of distinct procedures performed by individual units. 6 The methods used to calculate measures of similarity and Non-physiologically complex pediatric surgery 25 diversity in this study have been reviewed elsewhere 6 and used previously to describe healthcare utilization in other specialist healthcare populations, including pediatric surgery. 3, 7, 17 The similarity of various pediatric surgical procedures was assessed using Yue and Clayton's index. 18 This similarity measure uses the proportion of both shared and non-shared procedures in each population. For example, if a surgical procedure is selected at random from all of the procedures performed in each of the two groups being compared, the numerator gives the probability that both procedures will be the same and the denominator normalizes the index to between 0 and 1. This is interpreted in a manner similar to a correlation coefficient, such that 0 = no overlap between groups in the types of procedures performed and 1 = the relative frequency for each type of surgical procedure is the same between groups. A similarity index [ 0.6 is considered to represent at least moderate agreement. 19 The number of distinct types of procedure performed, by location or by specialty type, is an imprecise measure of diversity as it does not consider the relative frequency of procedures. Similarly, the variability observed in the sampling of some infrequent surgical procedures makes the number of different surgical procedures alone an unreliable estimate of activity 6 as most of these sample estimates miss some procedures that occur infrequently. 20 The proportion of all interventions attributable to each surgical procedure is a preferable metric as it uses data on how often each type of procedure is relatively performed. The Herfindahl index is calculated as the sum of the squares of the proportions of all procedures in a location that are accounted for by each type of procedure. 21 The inverse of the Herfindahl index, described as the ''effective number of common procedures,'' has better interpretive value and is reported as a measure of internal diversity. 6 
Statistical analysis
Descriptive statistics were determined according to prespecified study groups. Comparisons of different methods to estimate the similarity and diversity of surgical procedures undertaken in healthcare settings have been described, as have methods to quantify standard errors (SEs). 6 The SE for the similarity index was calculated asymptotically using equations 19 to 21 of Dexter et al. 6 The SE for the effective number (i.e., diversity) of common procedures was likewise calculated using equation 11 of Dexter et al. 6 These equations, used to estimate similarity and diversity, and their SEs are reproduced in Appendix 1 of the current article. The summary measure method was used to interpret longitudinal data accounting for temporal trends in surgical activity. Statistical significance was defined as two-tailed P \ 0.05. All analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA) and Microsoft Excel. Incidence (primary outcome) of non-physiologically complex surgical procedures performed in pediatric hospitals Non-physiologically complex surgical procedures accounted for the majority of surgical procedures among both the four pediatric specialist hospitals and the other hospitals performing pediatric surgery (vs 50%, P\0.001), ranging from a mean percentage of 77.1 (95% confidence interval [CI], 76.3 to 77.9) at the largest specialist pediatric hospital in Ontario to 97.6% (95% CI, 97.4 to 97.7) among the other 154 hospitals performing pediatric surgery ( Table 2 ). The proportion and number of nonphysiologically complex surgical procedures performed at the four pediatric specialist hospitals increased progressively each year (Table 2 ). This increase was associated with a reciprocal decline in the number of non-physiologically complex surgical procedures performed among the other hospitals undertaking pediatric surgery (Tables 1 and 2) .
Results
Surgical procedures and discharges
Most (mean, 93.1%; 95% CI, 93.0 to 93.3) surgical discharges-for both inpatient discharges and outpatient visits-were accounted for by patients who underwent nonphysiologically complex procedures only. This finding applied both to the pediatric specialist hospitals and the other hospitals performing pediatric surgery (vs 50%, both P \ 0.001) (Table 3A) . When outpatient visits were excluded from this analysis, most (mean, 78.6; 95% CI, 77.7 to 79.4) discharges were accounted for by patients who underwent non-physiologically complex surgical procedures only (for each hospital type, P \ 0.001) ( Table 3B ).
Similarity of pediatric surgical procedures between types of hospitals performing pediatric surgery
Comparing the non-physiologically complex procedures performed at the four pediatric specialist hospitals and other hospitals performing pediatric surgery, the mean similarity index was less than moderate (0.52; 95% CI, 0.51 to 0.54) ( Table 4 , column B). Similarity analyses are consistently sensitive to the one or two most common procedures. 6, 19 With such exclusions (i.e., myringotomy, tonsillectomy, adenoidectomy), the mean similarity index between the four pediatric specialist hospitals and the other hospitals performing pediatric surgery increased to moderate (0.60; 95% CI, 0.59 to 0.61) ( Table 4 , column C). In contrast, the mean similarity index for physiologically complex pediatric surgical procedures performed between these hospitals was, as expected, very low (0.09; 95% CI, 0.07 to 0.10) ( Table 4 ). There was significantly greater similarity for non-physiologically complex procedures than for physiologically complex ones (mean difference, 0.44; 95% CI, 0.42 to 0.45; P \ 0.001).
Diversity: effective number of common procedures for types of hospitals performing pediatric surgery
The mean effective number of common nonphysiologically complex procedures (i.e., diversity) was greater among the four pediatric specialist hospitals than the other 154 hospitals performing pediatric surgery for all years studied (65.3 vs 21.8 procedures, respectively; mean difference, 43.5; 95% CI, 42.2 to 44.8) (Table 5A ). The effective number of common physiologically complex procedures was greater at the four pediatric specialist hospitals than at the other hospitals (Table 5B) . There was also an ordered trend observed for a decreasing effective number of common physiologically complex procedures over time in non-specialist pediatric hospitals. 19 On sensitivity analysis, this ordered trend was accounted for by a single procedure: partial excision of nasal cartilage with simple apposition.
Comparison of the largest and the other three pediatric specialist hospitals only
When the largest and other three pediatric specialist hospitals were compared in a planned subgroup analysis, the mean [95% CI] similarity index for physiologically complex procedures performed between these groups was less than moderate (0. Table S4 : available as Electronic Supplementary Material). The effective numbers (i.e., diversity) of common non-physiologically and physiologically complex procedures at the pediatric specialist hospitals are summarized in Tables 5A and 5B , respectively.
Discussion
From this Ontario population-based study of 830,830 pediatric surgical procedures, we found that the vast majority of the pediatric surgical procedures performed in all types of hospitals (including pediatric specialist hospitals) were non-physiologically complex. This finding was consistent for both inpatient discharges and outpatient visits. Pediatric specialist hospitals had more internal diversity and undertook more types of nonphysiologically complex procedures than the other hospitals performing pediatric surgery. However, the similarity of the non-physiologically complex procedures performed between these hospital types (the four pediatric specialist hospitals and the other 154 hospitals performing pediatric surgery) was found to be at most moderate. Understanding the types and frequencies of surgical procedures undertaken in hospitals has direct consequences on the allocation of resources among hospitals. Many factors can influence where surgical procedures are undertaken, including distance, hospital attributes, surgeon reputation, wait times, and the preferences of the referring physician. 22, 23 However, many of these factors are mitigated by the regionalization of specialist pediatric services to increase case-load volumes, coordination of care, and improve clinical outcomes. 24 Pediatric specialist hospitals perform virtually all of the physiologically complex surgery in most healthcare systems, which is inevitable and by design. 3, 4 The vast majority of surgery performed at pediatric specialist hospitals in Ontario, however, is non-physiologically complex-and increasingly so over the studied years (Tables 2 and 3 ). Although non-pediatric specialist hospitals still perform the majority of pediatric surgery in Ontario (Table 1) , non-physiologically complex procedures have progressively migrated to pediatric specialist hospitals from the other hospitals, and there is a substantial overlap in the types of non-physiologically complex pediatric procedures undertaken between these four hospitals and other Ontario hospitals. The similarity for non-physiologically complex procedures was found to be less than moderate, and moderate on sensitivity analyses, both substantially higher than anticipated. These results differ from the pediatric data published from the United States (state of Iowa) estimated using the same methodology. 7 Differences between these populations can be partly attributed to variations in the fidelity of procedure coding standards used by each of the administrative databases, but geographic factors must also be considered. Despite covering a geographically large area, a substantial proportion of the population of Ontario is located in relatively metropolitan areas compared with Iowa. 25, 26 Increases in these urban populations may also have contributed to the increase in non-physiologically complex procedures performed at pediatric specialist hospitals in Ontario. Nevertheless, the physiological complexity of pediatric surgical procedures defined using the OHIP anesthesia relative value guide (i.e., with a threshold of B 7 basic units) was able to successfully discriminate between different types of hospitals performing pediatric surgery in Ontario (Tables 2 and 3) . These results suggest real differences in the distribution of pediatric surgical activity in these regional pediatric healthcare systems. Our findings suggest that when pediatric specialty hospitals are at capacity, pediatric health services in Ontario can potentially be optimized for cost efficiency and case-load volumes by redistributing some types of nonphysiologically complex procedures from specialist pediatric hospitals to the other hospitals performing pediatric surgery. Individual patient complexity must be considered in this system, as it may influence patient referrals; nevertheless, the feasibility and appropriateness of this measure is supported by the fact that these other hospitals already perform most of the pediatric surgery in the province (Table 1) .
The health administrative databases used in this study accurately assemble and describe all pediatric surgical hospital procedures in Ontario. The rigorous data quality assurance processes ensure accuracy and validity of these databases. In addition, the study was further strengthened by using a large provincial sampling frame over several years, which mitigated potential regional or temporal variations in the delivery of pediatric healthcare services.
Study limitations include the exclusion of neonatal surgical procedures performed in pediatric hospitals. We were unable to differentiate between neonatal healthcare interventions performed in the operating room and in colocated maternity units (e.g., newborn circumcision) using these administrative databases. Although most neonatal surgical procedures performed in the operating room are likely to be physiologically complex, including this age category would have confounded both the incidence and types of surgical procedures calculated for these hospitals.
Patient co-morbidities and age can also influence hospital referral decisions, but this was not evident in this cohort as a reason for the yearly increase in non-physiologically complex procedures observed at the specialist pediatric hospitals. Specifically, the length of hospital stay (see Appendix 2, Table S3 : available as Electronic Supplementary Material) and the proportions in the age categories (see Appendix 2, Table S5 : available as Electronic Supplementary Material) for discharges with only non-physiologically complex procedures remained static over time at these hospitals, suggesting that there was no meaningful change in the acuity or age profile of these additional patients. Finally, although our findings provided detailed information about Ontario, our results may not be generalizable to other regions because of differences in geography, referral patterns, access to private healthcare, and procedure coding standards.
In conclusion, this population-based study found that most pediatric surgical procedures performed among all types of hospitals in Ontario are non-physiologically complex. The incidence, similarity, and diversity of these procedures were used to discriminate between hospitals performing pediatric surgery. Whether weighted by the procedure count or discharges, specialty pediatric hospitals are principally dissimilar from other hospitals performing pediatric surgery based not on physiological complexity, but on their diversity. Furthermore, there has been a progressive migration of non-physiologically complex procedures to pediatric specialist hospitals from other hospitals in Ontario. These findings suggest that some types of non-physiologically complex surgical procedures may be redistributed from specialist pediatric hospitals to the other hospitals performing pediatric surgery in Ontario. 
